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Abstract of JP20021 1 8292 

PROBLEM TO BE SOLVED: To provide a 
semiconductor light-emitting device having the 
emission spectrum of three primary colors with 
emission peaks separated each other. 
SOLUTION: There are provided an LED chip 
2, and a phosphor which emits the light of 
second and third emission bands when excited 



with the light of first emission band projected 
from the LED chip 2. The phosphor is an Mn 
activation lanthanoid aluminate phosphor 
which is contained in a phosphor- contained 
coating member 1 1 . Here, the light of the first 
emission band has a first emission peak PB in 
a blue region. The light of the second emission 
band has a second emission peak PG 
separated from the first emission peak PB In a 
green region, and the light of third emission 
band has a third emission peak PR separated 
from the second emission peak PG in a red 
region. 
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fe^jai-fcL>rBfrKm 1 <o«3fe e— i7 *^ Lfcm 2 
icfet^TiwriES 2 e— ^7 A> €,«-j|i L fcm 3 ro« it 

t)!i"'t)^i:y, 1I98BS1 ~m3rof63t/^>KA''e>^f.5X'< 

So 

[til*«3l fi5K*3t«:l*, •(fci^iCLa A I 11018 : 
Mn2+^U<I*L a203 • 1 1 A I 2 03 :Mn2+-ea 
^ <t *1#«i:-^-*ai«« 1 Xtt2E«©#t»«:5B 

[»*a4] fIffiM3t«:(±. •(b^iCLal-x A I 
11(2/3)+x Oi9 : Mn2+x (fiLO. l^x^O. 9 
9) 1?«$4t«wi:$«ai-r«li5R«1X(*2|Ett© 

[Sl*«5] taizm^mt. it^A (La. Co) A 
I 11019: Mn2+uS*#i*ci:*««t-r«»«3Sl 

[f«^^6] gfrffiSdte{t:;!iMb^^ (La. Ce) Mg 
A I 11019 : Mn2+-ca**iS::i:$4#ai:-r-&if*« 
1 X(*2!g«(Oiti3l«:f6jtSa. 

[si«^7] liisemi ©si3te-^7fl)afsi±, 420 

nm~4 8 O n mTrfc^ C i: "T -SSI^S 1 ~ 6 

(GaN) mit-^m^m^s^^^mtLxmt^nt 

$»«i:-r «lil«3S 1 ~ 7 a)t^mAM «1BK<D¥3H* 

$*l,Tt^* i: ^i^lSAr-r -SaSt^ 1 ~ 8 ©L^-rtiA^ 1 
10] filffia -7^ -f ^-i/SiJWJi. SffSH^Jiaitt: 



[Ii*^1 3] fFE3-7^-f >-ygB*t(i, *IST;Ua 
fc. y4radF-9->«$ (M-O-MIS^. M:«1S) S 

■roasts 9 ~ 1 1 «)L^-r4^)!l^ 1 ^nno^m^n^^ 
«. 

Lfc«l^{*7K U ^ J: y * 4 <!: ^i^lS i: "T ■Sa*^ 9 ~ 
1 1 «)L>-r*iA^ 1 «ffi«<7>*»ft:|l3feSia. 

t^s ;i t ^ «Ffa t -r i.a«3S 1 ~ 7 (Dt^•rtlA^ 1 «E« 

too O 1 ] 

[O O O 2] 

¥3l«:fl**^2 3^l^e,!fs/^^*tl-51tfe3fe(D-fi^^. =i- 

7^-r>^^SP*t1 9l-#**tS«3t«:(CJ:or»J|EB<D)2: 

m2 9 2 7 2 7 9##RB„ ) „ #3|«:«}fei|l^ 2 I*. fS 
z/tm^mitii'JtfA (GaN) ^^b^ia#!i»:i-r-61t 
feSBity-f:*— K (LED) (O^vZf (KlTI=fcl^T. 
fLED^-yZfi tm^c ) T'*y. Sf2K«aH*3 2 

(*. 7H>-f-f >y7-f-V2 5. 2 6^fflL^■C, m 1 EH 

[0 0 0 3] 3— 7^H->^fgp«1 9(*. LED^<y3f2 
■r^2eB«8§l?fcy. m2Et9j»ft3 2(35]lgP(D*<y::^ 

»n%mmit, a-T^-f >^^ffl«i 9, LED^»^^ 
2. 7t?>7=-f >'jr':?-r-V2 5. 26.miEHan*3i 
&if^zsmmi^3 2 0)-si^WLmt^ii±» (^-)u 

KSB*t) S^Wf-S, ttih«:8(i. @1 4|c5i-rj;-5 

fl§. •>y3->iiA<ffifflprig-ea&-5, ^-^-r >^/'sp«- 
i9f*. c©t^Jh^t8i:l^^:al8«^§*ffll^«;It*<pr 

6|T?$).5o 3— T'-O-ygBWl 91*, L E D 



i 
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[0 0 0 4] L E D^'y^2a)fg3l£X'<^ h;K*. 4 0 

0 nmA^f>5 3 0 n mICSSJttf— ^<7)3b.6*fettfl3ttf 
— ^^affirotO-e**. (REl-x Smx ) 

3 (AlyGai-y)50l2:Ce (IL. O 

^x<K O^y^l, RE(*. Y, G d *^t,SS?$*t 

(REl-x Smx ) 3 (A ly Gai-y ) 
5 0i2:Co (J^^TI-fcL^r. rYAG:Ce3^M3te 
ttj , ^L<(* rCe#ftYAGSa3fe«:j tf^r 
•6. ) T?fc-6, IIL. Ogx<1. O^ygl. RE 
I*. Y, GdAvt)S«**t§d^JSE< tt-a-^fc-So SI 

1 6(=. YAG : Ce^^3tlt:<Dfi!lje3tifi:g(-S*t--5ffi 

[ o o o 5 ] m 1 ro«fe*ftffii=^§#«tt:fijt^ai*. 

S < if Af>A^>Sfe^ # ft (t 5 raS * * L T 

Stlfca^A^aiJlE'St''. YAG : C e IfeS Jti*© 

JfetYAG : Coma*«:©«f ««fe3tei:<»2oroat 

t *<ta L^ t L^ 5 PpIH^ t ^ L T IN -5 , 

[0 0 0 6] C<0^ftmiCOfi£*ftffiOi3C^$^BB-r-5 

i=ttta-r-sa« (kit, ra2«)«6*i3E«j tie-r) *< 

ti^^tlTL^^o (211 5fZ^Lfcm2<Dfit*ttffil-Cg^ 

9tsi^ 2 u va>sffl$aa-r -s^ita-T^ < >^^ap« 2 

Oi:A^t.a)iE^F*^TL^^„ ^^l-^JIjt^q^ 2 U VI*, % 
rt(=»«SiJI=J:-3T:fil©$nrt^*. 5SI*1-^SS3t«^F-2 

uvi*. siat;m2<oa«*WL-ci^-5o as*i-«s63t 
^^2 u vojmi romfiii:, m 1 iBJS^l* 3 1 



-f >^^'7-r-V2 5, 2 6, aijti;a2E«iii*3 1. 

3 2o-:^(04gg|5&u:itjt3-7^-f >ysB«-2 ot^at 
a-rsj:?!-. ®^^i:i^Jl:fl:8l=J:y^^lt^4^•ct^•5. 

[0 0 0 7] «?*t.«llB3t*^2UVI*, GaNlg^b^lJl 

^f■mwm^mL. S6jte-'>3fifi*<3 6 5 nm~4oo 

l»ibS5R (S i C) ^L<l*-9-7T'rT (A I 
203) «0>S«Jil=)^fi£$tt'&. ^«M*;&. ffl^^O) 

aga? J: y ft «lSH11b1£W«»ttlilc3teSifi1±-t:7 S >y ^ {» 

X7^;u«fli, r^/y^uffisggKD^awsijjyfty, 

T^-f^-f, l*tti)affj§iro:sa5i-<fcorjKfiR*ti.-5, ^jfe 

3— T-f >^/^gP«-2 01*, 3g*t-|gf6itlg^2U VA^f,gg 

[00 0 8] m2o>«tjiEttffi^fflt^+itf, mi<D«i*a 

S«roMftofc3aa)St3t«:5S'S;wi:lcj: y, 3 ifig 
)*eE«^3t«i:l^«lft«fe3fe, #fe3t<DSl^lc 

#§Ci:/)<aj*So Lfc*<oTm2a)«t*tttl5l=^^i|i 

[00 09] ©WfeJt, i^fejt. ^•fe3tC0 3a(D^3ttt: 
(DE^tb* HSr -5 d <!: IZ <fc y nSBitirl^^ftaSillfi! 
a>felB/<v>X3b<S LfcA<o-cm2a)«£*a« 

[0010] <3>*fe3fe, ^fe3fe, *fe3t*<St^lc|Sfero 
Sfiil=(d:ftl^C^A'&, i$fil«ra«l3f^3e-Ct«!4ift 

t>o LfcA<o-Cll2<01S3fefi^a5l=«IS4ia9tt:«3feSS 

[0 0 1 1] ©fffejt, i^fejt, *fe3troSfe*<feltSI 

ftyui-rctAtta**. LfcA<oraR2a)«63fcttiei=« 

-S#3H*S§5t^SI*, ^>^ftfePt®A^ftfe!^a«A<^& 
H i: S ti § ffl itl- 1 Waicfilffl-r -5 - <k A^aiJfc-S. 
[00 12] 

1 a)«fe3l5StfBl*JilT(7>J:5ftBgii^$*LTL>f=„ 
[0013] ( a ) H 1 (7)«fe3l5fttgom 1 flJBgSi^l*, 



(4) 



2002—1 1 8292 



S A L <fc -5 ^*3&^3SI6ffl-Cffi5fe-r -5 f£ It OSSJ ^ 1$ 

mi 7[Z^$tt'5cfc5(3Y AG : Co 
^m3t{*<D«3tX^<7 h;U;b<|^«lC«|Al^/ii6. SI 8 

[ o o 1 4 ] ( b ) m 1 a)t(^*ftffia)m 2 cDPpiSi^ri. 
a>itsiisfi}iwa)at® m^mn-^ p h s . p d 

AG : C e^^3ti*a)SI3tX^>> h;KD#fe3fefiK^/)<5c 



[00 1 5] (c) Md. m-io^mtitscDmsoms 

YAG : Ce^M3fefta)^-r^«fe5t;i<»feitt« 

M^3&>r*fc^o z(Dm&it^^<Dmm\zs>^-^<Dm& 

l:: o r a * S *a<D«*»«-efc RB y *HM 

[0016] (d) jgic. mi(Dtt«ftffi<Dm4(DBgfi 

^a)%-rSWfe5t<5: Y AG : C e SSpt»:C0^f -Sftfe 
iftt<D2'Z><D^S:(Dtft<DM^{Z^'oX^J&i*l^fzify^ 

'^m'mmtj:me,yta)^mmmtmibxm < ta^mo 
m^. &mm±{zt$if^%s^(o^mmmi (xa . ya 

) . *b(Z)feJSffi«* (xb . yb ) . *at3tba> 
?lfe5fca>feJSiSa$ (xm . ym ) t^^t. (x^ , 
ym ) it (xa. ya ) t (xb . yb ) (OZI^^&Aj 
fmm±X^ 5taa>3S*<!:*b<oa*lcj:orft 
^S^. fin*»3taA<3iltn(^ (xa . ya ) ^^Jiz^ * 

bA<ait*ttf (xb . yb ) ^y)\z&m't^o mz i 

SH^^t-o mi(DfiE*ft(©(i. «fe^»i*^3t*^<D 

^■rS»fe5fei: Y AG : C e^^7fei*(7)«-r*»fe7ti: 

ytaL-cL^4*N^>. ffiaiLf=2oa)aft<D**?ife*-e- 

«fe4^»ft363felft^Ol|-ri)«fe3t. *b^YAG : C 
^O^-r^WfeTtOfeJSJSflli: Y AG : C e l^^^ti*^) 

4o Ca):»^$^aiS^'2)/i:tf)|C. -ttlCYAG : C e Ife 
^3fe»a)«*tT?fcS YAG fcfl6(7)5c«* aSjtn UTffl«* 

tf. G a ^^Aa-rS<!i:SjK:^®Jfc. G d S3lj!ia-r'5 ^tS 
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t^. 02 2«)felS0l=Sl <D«6*affil=^-54ijlH*S§* 
ffl-t oTfiE* Y A G : C e ^^5t«:a)feSglS!^tSA/f£'|ii 

ffilxYAG : CemWif/tW(Omf&^mmLtztLXi,m 
[0 0 17] |g2(©fit3lEttllfCtt, C4l€,a)»1 

[0 0 18] (a) ^r. mt::tjim ^ orsm^it. si*t- 
mniftm^ 2 u V (Df§-r -sai^fsi^ * r ^3t =i — 

V^^S|5«2 0-V»ttJl:t*:8A<*<b-r-5^-efe'5o -«I=S 
3t=i-7^-r >ygi5«2 o-v>itiht*:8(ci*:&«S^»^^b^ 

icO-lfVEI^^-r^ta)!*. Sg>1'Sf63t*^2UVCD 
S63ta«-e&-5 3 7 O n m~ 4 O O n miaiZllC-tOflRlR 

5R^2UVIi. m1OT^^3fettWCfflt^e,^^SWfe#aitt: 

O nm©Wfe*l»«:3§Jt«^A<|««352 OmA(=J3l,^T 

$«J3. 5 VOTIHSE-efc^OTlCj^L, SI3tjftft380n 
m<0SIH*gfl3t*^2UV(*. l^i:S35l=fct^Tft|4. 
OVOIiaiEiJSS. LfcA<oT, l^i:^*ra3S*3iIU 

^tsiS^^^rajS^A^^oi-y^^^tt^f ojt-s, !^i= 

SIM-^f§3fem^2 UVtMJtn-T^^' >'JfSB*t2 OirO 
I^SIi. Se^»%M!ilR'?-2UV)bN€>iSc9t$ti.^Sgmi(0 

SJtA<::*:#<, J)axT3il^|gfS3t*^2 u VOTSil»(r j: 

ft4)fi<)l=S&^b/i<S#-&. mft:fi«)l=l«. Itl^efjmmfSiCDfH 

l=3g91■^f63tm^F■ 2 U V <t O^SOltJfea — 7^ -< Iz-ySB 
*t2 0A<»«-Si)«IL. lf®-e©3t<D±Sl*A<lfJ:*:-ri> 



2 0|f®©jfeSia^t.<£T-r-5. *f=, 

^^SP*t2 0<D»»l=J:-3r±i:«-f :<->tt1^HlcJ:-3r 

Sg^*a*3feife^2UV<Da®A<j?SS^F*t.> ;Btt.m3!E*<Ji 

-f ><^»*t2 0^tt:fcSjtt*:8 tltaELitaSia*)b<«T 

i), Lfc*<orsg^1•SS63tfS^2uv^fflu^fcm2ro^lt 

Ja±j£'</=#a<DS&^bllHlcJ:-:jT^3l«:fB3tSS*^t) 

[0019] (.b) mz<D'stmtt.m<Dm2(r>?n^mt. 

mirofi£*ttWOT<fc5l--a3iO)^3ttt:-CI*'Js<, # 
fe. Mife. #fe«)3aiSOm3t«:A<!e>^-C3&.5jS-C& 

S2<o«g3iE«^ffii=€g.&iiiai(«:feiteSSB$a!i&-ri)« 

iMlfe, #fea)3aii<DS3ttt:ftt»TjE 
ltlcE#L>EE(t*i«*Ee>J5:i^. ^©fctoSElOltJfettW 

lc«|SittaS«:f63t^Mtit'<-Cl^llXieA<«$tl::'S y Si 

-e<Dfeia/<^o#*<^i:, suites y*<ffiTLS!ieaA< 

fe. 3^fea)3«S©«3t«:cDlt«AWj:-5t^3t=i-T^ 
-< >ySP*t2 0*tf^3ttt:<D»?SA</\*^o< fctoijian* 

«3t^sa)feiaix^-v»feia/<^-D#A<ecy, •v>ttys 

T-r-S. LfcA<•^■C«*1.»S6*«^2UV*fflt^fcm2 
[0020] (c) m2fl)«|3l5affi<7>m3<DFa^e 

;w^-«lt^-ct>4fcto. «aiif^*<b*-ti-sfc*i+-ejs 
it-5roi*Ai*i::t ■5TtJa<^c^^o fiilxl*. m^(0:^t 
%:g(OSi'%ji-CSi=J:or rsigj tmt*i^sa>0k& 
m2a)^^£*fiE^l5•T7ffiffl*t^.•cl,^•5Sl^^sfl 

iftm==f- 2 U V (i, 3 8 O n mieS<OH:Si«)x;r.;u^-(D 
/|x$t^ifiainilT?ttfc*A^ OTaiLf=J:5l=«llg$*<b 

14l±A^^^yB!t^^:m^3a^■s^^#^£l.^. Wizo'stmamiz 
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ISB(4, il3t»:©«l^A<^5t=i-^-('>.;/gJ*f2 0±«: 

to-e&iio LfcA<o-C. C*t$|»<'|cf*«3t3-^-< 1/ 
^^aJ*t2 OI=^«<DS3t(*$E^L. «it=i-5^^>^ir 
fi|J»2 0*©«3fe«:iiaE*a*»<-r*v«fiUi:4&x.6 

1551= C (D« Tji: E# (c-r S <t ^t*^ lentil -r 4 «*1.«I4«'> 

a)*aiiatt4<«T-r«fc«)-cfe«. -wic^jti*!*-?-© 

•f >^''SP*t2 0*©^3t^*alSA<itKW«t^tt<!8•c•(*, 

r, ^3ta— >^/^8B*t2 0tt>l=*«l=*3ti*$jS^ 

■r-Si:, ii3t=J— Tr-f>-JfaJ«-2 0CDSS«l1tA<«4iglCfi 
T L, ¥jlH*fl3t3R-¥-a)fflffll=;^A-r -S ^ t 
mzf3ii>, Lf=*<oT, a2«)«3lEttlB-CI*> 

f*8 it'ie^ii-^Kisaii^ ^tti-r -5:^.^ 

[002 1] )iJL±^^tz^otZ. m 1 (0(S3l5a«fl=«-5 
^^l#-3l-ti6)t>t>'^. •5-*l.lCffll.'»P>*l-5 Y AG : Ce 

[00 2 2] *fc^2a)«t3l5mffi|c«i,#3»ft:S636^a 

3aroij5t«:^iEJg|cS^-rSjg5.Stt05fc«>(=*a 
3;^ htS5< 'S-gxtt^oFp^SiA^&ofc, 



[0 0 2 3] ±IBKIfiig$ffi^, :^fimt. 3SlS:i%ti 

^rox/*^ h;K*aai!*^-jRaa^iia®*5 
jtsia^ s«r -5 c i ^ B Mi: -r -5. 

[0 0 2 4] *f6W©ffia)SMI4. S5t»:<0Mife*<k# 

[00 2 5] :^n^<Dm.izm<ostfyit, xNi0±mtz-t 
0>m^iftMt i.x=k»mizmm-ti,:itifimmi>i^m» 

[0 0 2 6] ^^BBOMJcflkroSWI*. 1$i^)TJ£t^feJ^ 

3t%a$£g«(r « w i: 

[0 0 2 7] *si?g(»Micffe<oaMi4, =i-^-o^sp 
[0 0 2 8] :$in^a)^izm(oB6^it. m&Ammx. 

3e«T»«S14l=ff*ifc#Sl|«:363tSga* S C t X 

[0 0 2 9] *S§^(DHI::<fea)gWI*. m^t^^SiV. 

[0 0 3 0] *^w<DSfzfft<DBMtt. »na(DaasA< 

[0031] 

1 <Z>fl3ttf— i7<Dj6fil*. 4 2 O nm'-'4 8 O nm(D» 

isfcfc txTS 1 (o^!^ e-^ ^ L/cm 2 cD^gat e 

rie 2 f>»lti L fcS 3 <D«» tf-<7 

f::»)!lLfc3oa)ai3te— ^3^l^t»3S:4=ISfeX'<'5' h;u 
b^S^HUfeX^^ K;U{±, 0 2 0(c^tfcSiaS*^ 
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[0 0 3 2] *«M©¥aK*:SI3tSa<D^jt«:l±, ^> 
(Mn) ■e«eufcv>*>''f K-7;U5*-h3K 

^b^SCLa A I 11018 : M n 2+^ L < I* L a 2O3 ■ 1 1 
A 12 03 : Mn2+-(;mtS*l^^iftmmm-C&^o A 

1b^iCLai-xA I 11(2/3)+x O19 : Mn 
2+x (fiLO. l^x^O. 9 9) -ca^Ftt^ititetfr-e 
MIC. •(b!^3S (La. C e) A I IIO19 : Mn 
2+, (La. Ce) MgA I I1O19: Mn2+i|-Cg$tt 

^tie.©Mn#iS5:/^'>''r K- 7 

;U5:r—hM3t«:(i. MnjaS^iSS-r-SCirlC^-^r 
<f fe* i: *fe3trofie»it ^ a ft (ciSS^ * C i: *<tti3lE 
i,, ;i<Dfi^|c, MnjllS*iaS^i)Ci:lcJ;or#i»«: 

■5. Mnfte^V^'y-f K- T^US^-hiiatftODfgJt 

■^-CL^Sfc«). MnjlS$iaS^-5-i:lcJ;or^feJt 
t3iifeata>ja»H:*e*l=8afi-r^Jli:A<Ui*-5. All 

«*felS/^^ >X $}*-Diji»tt:fl3tSa i: -r -5 C i: A<ai 

[0033] *fliSa>i|i3H*S§3tga<OSI3tX'< 
^7 h;U*. «fe3fe. #fe3tlcJ:oT«fiR**i. 

[0 0 3 4] MIC. Slcai$ix^?fe*?#fe3t. iltfeife. # 

•So 

[0 0 3 5] MIC, *aiesa)#««:ss3(ts^ai*. 

-r.5=i-T^-r >'9"a5*t-V>ttlhtt:A<SS^jSlcJ:^r^<b-r 
^=.tittj:l,K Lfcj!><o-C:*:|BW<©#3|«:flit^ai±, 
B t^«3Htt*<*«) t. ffli^lc t »aicffiffl^ .5 c i: A< 
tt3|5-5, «3tJi^^i■lcSg^1■SA<^<^*^^'^^t^A^ 
e,, 8g«l?^=:PSS^^^.Si&4^l±^ct^<D^?, -SftSBMIf 



<Offl it 1= t Si& L rffiffl^ * C i: A<tt* -5 . 
[0 0 3 61 iti3l<*#B3fe«q=-<!:-a3ia)M3t{*t 

(Dl§*■^^5■t^■^:t^5fBi*^Efilifi<ofc^^), s«T?aiSiitic 

r*3tSj li, ni!^7^-yKB, Sits. pm<7'y 
V \^mm^lhtS^^:^)l'^'rO (DH) fltit-ettfifcLT 

rfcittffiL>„ an*.. *3fe(*^#^Lfc=i-7^-f r^^ss 
tun*, x,-K=^-'>«ig, i'jr«ii. e^'jzi-i/ffi 

tt*«M<b«lX(*7K«J i/^-y'VSUlfSliifti: Lfcjatt® 

-b^5-v^7 3-7^-r V-J^Slj^S^b^-a-fc. pt^n4^-y-> 
jg^ (M-O-MS^. M:^S) $±tt:i:-r*JK'J^ 
^ip^r-y-V-y^U-Ct-filV MIC. a-7^^>^^SP«*. 

>-ifffl5*tlc^3t(*t»*$;1^ • S^bLTJ^filL. C<©tt 

SB3tt*^fl>-^®±atBicstiPi*-e-ct,fit^ m 
3t«:^-v:^ii. i^3tt*:(0*|gBlxiieijS»:-efcor4,a 
L^o ^©»>6:i|iSi«:fl3tjfe^i-aii<DSit»i:=i— T 
-f >^'aB*rt«)«B^f^*5■^±A^&Jtf«l^!*'5:«iSlc<^: y . 
:^fl^(7>##it:feife^ai«. «K>tr«ffii£lc#4ilc«gffl-r 

[0 0 3 7] i^lC. *|gWI*, -«S<Da3t«:^fflt^-S 

-:3*A<'><i:t> (m2a)^^3^E^^wlcfcL^Tl±. swofeis 

lcBS*i^fcl^„ ) , BP*.. -a$l<0it3tt*T?fit><D 
■e. «a«(D^jttt:^R(fS«)iB^ifr'ttJiicE^-r.s::t 

tt^Fi&S-C. f^|gX|iA<fai*|C)Sya(it3X 
:iti><tii^%, *fc. a3t»:<OiB#a)/<^o#lcJ:48ll 

ic. jffe. *fefl)3aS(0^3t<*«>tba/)<mtf«. 

ZL t icfiH -7^ ^ >^^»*t4'1?«)M3ttt:a)»^lTA< 
-'N*^ < C <!: ic -VifeiS/^^ o#cOBgSi4, 
L^, ;La)tztb. *Siefla)**«:fl5tSaa>Siji*ey*< 
isi±LS!jiaxt-*<«TL. Mic«aa)aat.iRi±-r 

■5o Lfc*<orS«T?p°pH(7)S*ifci|i3!«:«3tSa*ti 
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[0 0 3 8] /]axr*j^^o*»i*»pt^aii. \b^<d 

[00 3 9] 

[ o o 4 o ] (Hi (o^jgj^® ) 1 (omm(D 

[0041] MIC. s 1 (Dmmmmizm^^mi*^^^ 
aaii. mi£ti9i* (Ty-K'j-K) 3i3^u^m2 
mmm» (*v-ku-k) 3 2swl. m2K^»i* 
3 2a)-:^(Diaspi::ii. i3vzf&^ 6;&<j^**nri> 

i>o mi SlXm2ieiS«f*3 1 , 3 2 (i. #JStel5f . ^511 

(AI).^(Cu).Cu-Fe. 
Cu-Cr. Cu— Ni-Si, Cu-Snl|<7)ffl^ 
Ni-Fe. Fo-Ni - C o If (D— >r;U ■ 

nltl-efcSo *t>(C. Ctl'b(Z)*15fC-»:;>r^U (N i ) 

w<DLED^-v3^2a>r>'-Katti:mis«9H* 

3 1(D-:^r<D4ga5 (HgP) <h(i. -V 2 

6r*j$ms?*tri^«o (^«fc. *iV-KS«<t:m2S^ 
3Ht3 2(D-^rOSSSP^f*. /-R^-r-f >^'7^-V2 6fC 
ci:y^^$ttTl^'g>o MIC. LED5^'y3^2. 

>^':'Y-V'2 5. 2 6. mi5tu:m2EiS«{*3 1. 3 
2a>-g5;&o:ii3t{*^W=3-T^^>^gB*ri i figsi 



s^^tta)aw^i:i^iJ:i*8/)<aaLrl^«o >sfe\ »ik 

I83H*3 1 **V-KU-h\ m2ffi|S»{*:3 2Sry 

[0 0 4 2] LrO!>LED^*v:^2<t 
LTtt. GaN. InGaN. I n G a A I N^CDG a 

»V^2A<»5S-efe-5, CCDWfeL E D5^»y :^2IJ, 
tf— (mi(0^3te— ^) }b<4 2 0nm-4 8 0 
nmSft-efc^o -»lw. C*if,a)Ga NS^b^1*l*» 

ftSlli. s » c. i^^T-<T«ol»Stt^L<l±*gSStt 

[0 0 4 3] 7P>7^-r>y7>rV2 5. 26fi. ^(A 
u) . ffl (Ag) . T;USr^'t;A (A I ) . ffl (Cu) 

**^t>ft-S*JSai«'efe^o LED^*v:/2$*-/:/is 

3S1 6 alC}S«-r^i$««| (IS^«II6) (i^. 

«<fe y <f*8ftBMbtt*««J!Blc3taatt-tr ^ 5 v^Vi^ 

K3^(iii«»a^*jB»ibi**a4«iiS3R^ Lfcataistt* 
[0 0 4 4] itih«:8i*. ^taait^^-r-sxTK+i/^ 

y7^»ALfc«fa-:&a«^«:7KU'7c*:y?Sy. tK-v 

[0 0 4 5] «*»*^=J-^-f >^ffl*t1 iri, LE 
D^^V:^2A^t>,^*^^tt€>«fe3fe Cmi (^^3t/<>K(D 

f-siSfe* (m2a>ig3t/<>Ka)5fe) ai/^fe^t (ms 

«lctei>rS^/c»:«tBg. ^L<li>^p:^-t^>jS^ (M 
3— T'-f >^»l*@^b*li-fc7Kij ^ ^ P4^-9->y;uANt> 

«ia*ttTl^*o it3tf*(i. (Mn) T?f^gL 

<b^^L a A M1018 : Mn2+^L<l*La2 03 -1 
1 A I 2 03 : Mn2+-ca*tl^^>^> (La) T^U 
5:^-h^3t»:T*&^o ^3fe(*lc||Lrii. tft^cfcyi^ 

La2 03-11AI2 03 :E 

u2+Mn2+>!,<fti^tiri^^o C<^^5tf*li. ^^3^1^ J: 
o r iSlfi ^ tifc E u 2+ck y X ;r.;U:^i— $ g (t o M n 
2+*<fg*^*|g3t««*:&-r*o L3b^L^fA<t>*«W05 
^^^#1*. w(D:^5fe{*OEu^#^^i:tx|afiJl, iJ]*>La 
2 03 - 1 1 A I 2 03 : Mn2+/,<#fe3tT?ja*a<lSl 
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[0 0 4 61 LaT;^5:^-h^5t^*Ott^S«<!:Lrffl 
t^t>tl5 2«(Z>-7>#> • -r:l-> (Mn2+) ^(Om 

L a r;u5:^^- hlix e;^^;u«ig^}^os«-e 

^0*-eMn2+|i41Bai:6iBii$i5i6. SSfr^-TJ: 
(7)^5t/<>K (m2(D^3t/<>K) ^6 9 0nm$«3t 
K) ti:±C^o 02|CMnftS^>^y-r K- 

[0047] Eiaic^-rMnf^i-g^^^y -f K • 

a)«3t/<V K)5<3Ktt. M(C^Jtina*iiLTtT< 
[0 0 4 81 Lfc36<-3r. Wfe^»tt:«3t«^(7)5l5fe:^ 

h;ui:Mnf^}Sv>^y ^ K • T;us:^-h^3fe» 

*iT0 3(c^-rcfc5ftJafe* (»2<7>«3t/\*>Ka)3t) 
Pg. PR*=&-r^X^^ h;u;b<4#t>*i. C*L<b:;ftggE 

«-ri)*»(*«pt^M^II3S^i>c:<t;?)<tb*^o ^03 

8fc^-rmia)tt*atB(D«3tx^<7 h^uitsfty. @ 

1 9lZ7F-r3;ft:g;'^5Sli^3tg(D^*XK'i7 h)Vtmu 



[0 0 4 9] Mnf*S^>^y-f K- T^US^-hS* 

«l|^(f;Jfe<7>ct5lcLrS^at*^^*o 
[0 0 5 0] (-f) IS*4T:*fc*La2 O3 . A I 

2 03 MnF2 $BWa)ftJ¥«fftltrcttorML. - 

[005 1] (p) mz. tt«Lf=IS*4^S«)S7;U5 
:M8iafcaAL. 5%a)*«*S^ LfcSSTcttiDS* 
»fflSt*-ei 2 0 0**C. 2^P0l. fij^^frdo 

[0 0 5 2] (/\) ^m&T^. -emS^-C/^fflL. 

:^itfiaicSALr. S53Soi?fflSi*-ei 4oo"c. 3- 

[00 5 31 ftfc. Mnftis^>^-/-r K • T;U5:f— 
sii*,. ^>^y>r K7c^itT;u5-'i?A(DK4b^b^!fei-e 

>r K7C*fCfi. La . Ce (-fe U -i? A) . 

Pr (::f^-t;fvA) . Nd . Pm (3^P 

A) . Gd (^'K'J-rJ^A) . Tb (T'JUe'i^A) . D 
y (7^^X:^Di/';?A) . Ho (Tt^^US'^^A) . Er 
(x;ue'!7A) . Tm {V')^JU) . Yb 

[0 0 5 4] Mnf*JS^>^y-< K-7JU5*-h** 

ttfi. E!5lCiF-r<fc5l^MnaiJS^ijie-r^C<tlCj:o 
r jtfe* *fe3t(7>fiE»it S e S iciaSf C <»: *<ai « 

ED^*v3^2?{)Nt><DWfe3fe (mi(7)^^/\>K<D5fe) <b 

ik%m^^(nm^% (m2<7)^3t/^>Ka)5t) -iSfe^t 

tt -5 Sfe^t * a fe^a>a (DJt -r - 3b< WfiET* & 
11019 : Mn2+x<DMnjaSx ffH^liO. 4 1^x 

^0. estU^^oKm^ir^z.ttmi^i.i'^o 

[00 5 5] *I^B^ICffltx^tU-&Mn#g^>^y ^ K 

1 <7)t**ttffi(rfflL>P>tl* C e Y A GS3t<*0 
«3tX/<>> h;Ui:m'5:y. S3(r^-r 

ic M n ;BJS $lBSr C it I:: <k o xm^% t 
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i*Lai-xA I nOl9: M n2+x©M n^Jt x * . fiUS-tf 
O. 42^x^O. 6 9i:JS:«<fc5l=HfiE-r«c:t)b<» 

[0 0 5 6] *flM<©i|ia«*ai3t$l«<©«*X'<^? h;U 

[0 0 5 7] *flM<04i9l«:S63t«a-ei*, Staj**L-5 
©#3|»:fl3tSa<OSI3tpr«l'SfeSSSffl^*-r<. 0 2 2 

ti:^. :^%wa>#jii4:i«jtsia<Df&atpriig3&:fiSfisaA< 

[0 0 5 8] *«5B3<0^3H**jlfe^ai*, 

^2uv^ffll^*S2<D^^e*afBi:m'S:y, fe^te— ? 

sft« m-\a)mtti—<7) A<4 2 0nm-4 8Onmg 

*a>WfeLED^<y^2^fflt^rt^•ilo o*y. Pr«3t 

-T-^-V^SSWl 9-V>i*il;«:8A<K<1.|S»cJ:-^r^<b-r 
fcA^oTSB 1 a)lllifia>»!!8l=R-5*3li*«*ISai*, - 

[0 0 5 9] MIC. S2<0«t3|EttfSi:||)Ecy. «fe L E 
46, Wfe, i^fe, *fe<D3aS<0^3tft:$«4f)TiE5gl= 



[O0 6 0] (.mz(ommo>i^m :^n^<r>fsza)mm 

<DJK®l=««#a»«:S§jtS6att, 08l=^-r*5ic, # 
3H*fe**^i:LT©LED^-:;:^2t. LED^«y:^ 
2*^P,al^^^Lfcm1©fE3t/^•> K<D3tT?®eSti,*Ci: 
(=*y. m2&u:m3(DS63t/<>K(DJfe^S63fr-5S3t 
^*i:A>e.«B^*4^•CL^*. m2<DS|Jfi<D«J|8lCfct%T 

I*, n^mt. S3t«:^*3-^^'>-ya5«i o(=^* 

li, l-EDf^<v:/2A^t>^!gS^^F4^-55tl-^^LXifeilatt 

[oo6i]S(-. maiZTTi^^oi-, »2rosiJfi©B 
ffi(=€l^#j«i4:«gj«iiai«. miS»9{«: (7y-KU 

-K) 3iai;s2K«3H* (*v-K';-K) 32$ 
»2EI8!»«:3 2a)-^©sgfi5ici*. *-y::»'fim 

*t1 0$^LT^S^$*tTt^^. * «V :^ISSP 1 6 a IC^ 
14, 1 0/[/m~1 OOJUmSSA^»$Ll^. Z 

<r>i.BD^-y-:fza>±mizit. t/— Kma2 bjat;* 

V— Kma2 aA<^Kfi£$*l-Cl^<5„ ry— Katis2bi: 
IB1E«3»«:3 1 tl*, 7t?>-x-f >^^'7-1'-V2 6lcJ: 

y, «SlWl-^j3^**^rt^^o *v— Kais2a 

y, aaw(csss$ttrt^-5o 

[0 0 6 2] »lB'^^flt^gi(O0^$^l^ilgLTl^•& 

*<, LED^'y7''2lt-9-:7T-rT3lte±lc, /'i'^/yr 

KB, SttS, Mdttn'^^-v KHa)-gp*<x-vf^>y 

^^^tixwM («iy^#ffl) ]!i<]^^$ti, wocaspo) 
— Ka«2 b*<}gjs**trt^s, *v-Kma2ai4, 

SJillt, «7L«, (T i ) , * (Au) 

fc2)S1iJiA<»ffl*^^■Ct^'5o -15. 7'/-Kmffi2b 
tLXit. pi!->7-y KSlcWU-CttSfittt:!— 5-:/^; 
lS«|-r«*HailBI, mjili. --yy/U (N i ) , * (A 
u) A<liW$tlf=2Sfl|jtA<«ffl**i,TL^^o pm<7^ 
V KB'^OfiStitltit-S •v^7S«-r'5^«aiK<t LT 
I*, N i /Au<D«B«Jg<DI5)bM-, /^^iJOA (P 

d) , T i , (p t ) , -<>5?'>A (In) 

S, fc*lM4N i ■V>A u $#tofc«B«jS, ^^r-tBT 
JSfc, «±B(DpS^'^-y KB<D±lc(4, t 
>'-K««^LT, SI»«fiB$]&j£L, S^attBO) 

S)aSBl::S»ttCDN i/AuS, A l^l?<DTy' — Km 



It. I TO (-<'>i?'>A • -r^ > • ;*-:*-9-'f K) i:i|i14- 

p.tii)^ (sn) mimLtzMit-f :yi>'yAm. mtm 
(Sn02 ) m<D^otj:^m<nMmmmL<it. Au 

I . I nOmm. m>lMtT i -V^A u $$«>/tffiB«li& 
■\?»$*tWI6-ca5^o H8T?(*. &f=A>t,. T'y'-Km 
ai 2 b Rlfij V- Kmffi 2 a A<p]-;4cSF uK;n-#S-r 

[0063} *f6W<Dm 2 «)SIJ6a>ff$ffil-«€.¥#«:|B 

3t (» 1 K(03t) <D-»I*. m3tt*:^«3- 

T^-f V-ySPWl OlCj:-:5rSJg3E^*H. ^2^1/113 

©aeSfetr— ^ PeOift*!*, 420nm~4 80nm<0 

n&mmz^^o m2<Dsi3t/<>K©3fei*. 

fcL^-Cm 1 ©Slittf— ^ PBA''t.^J'l8L,fcm2a)«lite 

j3 ^^■cm 2 ©fi3t e— 9 p G e> »«i L fcm 3 (Dfijt e 

— i7PR*^-r*. IP*., ^3t(*^«=i-5^^>^^SB*t 
1 0(*, LED5=^'y:^2ANP,Bait*ih.«»fe3t (9110) 

2<DSI3t/\*>K<D3t) Rt;#fe3fe (S3©fB5t/<> 
it) ^S|-r-5= COmu m2&u:Sl3<Dil3t/<>K(D 
-t+l-P+lfiSJ^tfcJtlf &*l,fc* ^JSfiB 1 6 a 1= 

«y<0WfeJt (mia>«3t/<>K<z>3te) tm2&o:m3 

•y:^jaSPi 6 a|:fcl+4S«t^$|6l±*-t*-5f=tf>lc(i, 
*-y::''lSSi5 1 6 a(Oaffil±, N i /A g;< -y+SlOfflia 
*JfiLrfc< Ci:A<»*LL^o ^OTSm. maOTHJfiO) 

Lfcf6ite-^7 pb. pg. PR^^-r-smi -rnsw 

1#(=0S?L/j:L^A<, LED^'y:^2i:S3ttt:#*=j— T- 

-r^-^SPWl Oi:^«S-ri.f^T'->U*t»*i|(7)?fe«jlSL 

(=, 3t2liatt«)it±tt:|=<}:y. L E Df^-:;::^ 2, tK^t* 

-f vy7'i'-\'2 5. 2 6st;mi su:m2E«ian*3 

1, 3 2<DagS|!$aia-r-5cfe3lcLTtfi;L%„ CO^lr 

■r*l(^LED5^•v:f2A^e,msts*vfc»fejtA^ ttSf* 

SPttI OlC^fcy. m3t<*^^3-7^-f >-J^g|5*t1 oir 

T'O^fmtt oic*oTas3E»**ifc3t (m2»u: 



(11) *#BI2 0 0 2-1 1 8 292 

\ 



[0 0 6 4] (%3(0llt&a)]{^fiS) :^fi^<om3a>il£& 
ait*:IE5t*^t Lra)LEDT->:^2t, led^-v^ 

2A^t.till^Lf=m1 rol6Jt/<> K<0Jtr-i!iie$*i,-5Ci: 
(-J:y, m2»u:m3a)563t/<>Krojt$S63t-r-5^3t 

=i-T"-0-9'gP*t1 Olr^*n■CL^•5„ BP*,, COSjt 
«:#^=i— T^H-V-ySPWl Oli, LED^>v:^23b>&f!B 

[0 0 6 5] Iil9l=*-rj:5l-, m 3 (OSIfflrofi^ 

f£**i, ::<3!)<6«ttStsi 7a)-^a)±B(c*-y::f»i 
6*<^Kfig^?4^rt^s, =.a)iJ'y•:f^^^ e(D&S^ai±'yzf 
mu^ 6 a;b>&$&«i1lS4gi 7 (o{b:^<o±Si=iQ)/)>(,v 
StMCS>*^lSjl=*1-ffll=Jit;-5m 1 2iB«j»it 3 

4. 3 3 i:^^KJ^6*tt■Ct^*. LED^>y:^2(i, * 
::^ISS91 6 alcfeax-r, m2iEII9{4:3 3 0^&<D^tS 

t^'So 'Sfc\ ^3ttt:$^a-T-r>^^fiP«1 01*, 
:^a5 1 6a>rt®<C±«:(cSI+-CtaL>, C<©LED^-v 
3^2«)JlSIC|±, ry— Kmffi2 bRt/*V— Kmffi2 
aA<»«^*l•Cl^«, Ty-K«a2 btaiBBiaJfft 
3 4t(*, 7t?>T^ :y-yr7-i'-V2 6icj:y, msiMcS 
a**lTt^-S. *V-Kmffi2 a i:S2iE«i»i* 

3 3tl*, >^!f'7'f-V2 5l=J:yfiftttl=lt« 

*tlr^,^•5. ^L-C, LED^-v::^2t^Jttt:#:&=l- 

ft^fflL^T^fit^, in*>, *-v^a5i erortSBic, =1— 

^-f >ySP«1 Ot LED^-v:^2i:S^tKa-r'5J:5 

[0 0 6 6] *«eB<»m3©3lli6<OJ^«SlC«6*¥»tt:f§ 
JtSST?!*, LED^-:/::f2A^&T^icaiS*s*ifc»fe 

T-H-x^sp^ri oir,*:o-cjSES3Egi*ti-, mzRxsms 
ro«3te— 9 PB^w-r-5. mi 

©fIJttf— ^7 PB©**!*, 4 2 O nm~4 8 O nm© 

»fe^i|?l=fc*o m2a>Sg3t/^>K(7)3tl*, SffefiiSI:: 
fcl,^Tm1 (DfEjthf— i7 P B*^t.»«IL'fcm2<7)Sg3te 

-^^pg^^l, msoasjt/OKwjti*, #fe««i= 
fcc^Tm 2 oiest e-'i7 p G t>»st Lfcm 3 (Dsiat e 
— f pR$*-r-&o *L-c, mi. m2so:m3<of63t 
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j5«*^ffil±aF-fr«fctf>ICf*. %2£iSI»i«:3 3(O«SS0 
a)lS®(i. N i /A u ^ 5!ct^^iN i /A g > »v + 

^(Dffll31^J£LTfc< C^jb<»*Ll>o CODIS:^. m3 

'-»3(D«3fe/'C> K3£^^t>^i:*X^^ h^KT)****^" 
[0 0 6 7] *«e«a)ll3<DS6ffiCD}|^«lCflK-&i|i3lft:« 

[0 0 6 8] 4 0)118601^®) ^mmmACDmM, 

:^2/)^t)diStLfcS 1 K(D5fe-CSftfiStl^c: 
t\Z^i)^ S2^tt;a3(D«3t/<>K(D**«3fr** 

miS^. ^fSi*. X(d:m5fci4:a>t»^$W|g. is 

[0 0 6 9] MIC. g|1 0IZ^-rJ:3{C. m4CDlllifia> 

U~K) 3 1SI/m2KS»» (^v^KU-K) 3 2 
**L. S2S«a»tt:3 2 0-^C7>5ga5|cli. :^ »v ^gp 
1 6 3&<fl^fiRaF*irtx^o lStt0^5t#^*:/^l 2(i. * 
3^gp 1 6 <DJSfiPa)* 16a l::3ttaiattXI*3t 

sitiiom u*«SJ] 1 3*:ft-Lrs«*tiri^'5o 

r. LED^*v:/2(i. fitt(DM5t<*5^->:>'l 2(D±aJ 

ca)LED^*v:>'2a>±®rcfi, Ei^^^BSufcTy- 

«^miE«»»:3 1 7P>7=-f >y:7-<'\'2 6 Iz 
cfcy. *V--K««tm2K^3H*3 2 7t?>7^-f 

>^':7-<-\'2 5ic<*:ys$tMirmiS**vri>^. ^fc. 



[0 0 7 0] *«IS<7>»4(D*lS(0}^®lc««*»tt:ie 
3flfcS?a-C?li. LED^*>:/2;&vt>T:*fctl3St**ifc«fe 

:^1 2|Cj:or««IE«aF*t. S2&t/S3 0[)S§3t/<> 
K(D5tlC^f^o C*t^(0*1. IB2Rtfa3a>«*/<> 

6 ao*®^c^^l^r±*lcss^^i^. iii/LED^»>:^ 
2<Drtffls-aa-r«« ^ur. »fi«»**tfc3t (»2 

^SBIc»aj3F*i«o tt®fctt±lf t>*Lfc**y::^JSffl1 6 
aa)S®(cfcL^r^i. jig^fi^^^tLJtc^^o/iayoDHrfe 

% (ll10^5fe/<>Ka>5t) tSltSFtt. SI/LED^ 

*v:^2(7)rtajS2iaL. ^^^^tsinfz% {mzikxsm 
3cD«3t/<>K<7)3t) irafesttrnspicttasstis, 

14. 4 20 nm- 48 O nm<D«fe««ICfc-5o » 20 
PB3b^^5i'«Lfca2a)3e3fee-^PG$^L. S30 

K(z>3tfi. #fe^l«^cfct^■cm20!)«5te-^ 
G. PR^fl-rsai-SBscDSgat/OKA^^ft-sx-^ 

[007 1] ^ffc. *«^(Z)S4coseiifi(Z>J^S8(c0B*# 

»f*«5t»«-e(4. e^y*^3b^t,&*3t»a*t*, le 
ic-r*i«. LED^*v:^'2A^t,als^$tt/c«fe5fe (mi 

a)^5t/<>Ko*) *<«i^a<tetta>S*»5^':/3^i 2 
2fzj:orift«3E«i*nf=3te (m2&t/m3 

0^3t/<>K03t) <t;:fi^S^^$tl^^:/)^ofrSly<7)Wfe 

ft :^ fol I c ( t ^ IB A ^ |» it * +t -5) o 
[007 2] 5 COIIJSOJ^®) 5 (Dmm 

ttic<i:y. m2;Ru:m3a)fi^/^>K<D3tSSg3t-r^^ 
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[007 3] HI 1l=*-rj:3(=. asOHJfiO) 

«fiE$tv. ca)il6«iil4StRi 7<D-:*©iSi=*->:fgp 
IV st^lciSjtir^l^l=M-ffi||l=^t;•&m1&:;m^e^lill» 

121*. * -V t^aS 1 6 Ol^SHOtl ^ISSB 1 6 a 

Stttrom 1 SS^J 1 3^^^L■C^»**i■CL^*. -S-L 
r, LED^-y:^2l*. tE«©it3tt*:^-y::f 1 2«)±ffl 

- KafiiA<»fiE * *iT t^ « . T y - K«tt t « 1 m»m 

{*3 4i:(*, 7K>7^^->yr7-rV2 6(cj;y, /JV— K 

iB|Si||ft:34. 3 3<0-g|5. 7t<>7'<>y7-r-V2 5, 
26, LED^-v:^2. m2^SSJl 5. ft%^^-jZf 

1 2&i;mi^3taiii 3ii^affl-r'S>JKr-->'j*t»^ii 

[0 0 7 4] m5<D|ISfi<7>BIII-«-5#j9«:fe3feSaa> 

m 1 <»«it/<> K®3ti*, i <osi3te-^; 

PB^^'^'So »1©J63ttf— ^7PB«>atfil*. 420 
nm~4 8 O nmCDWfef|J|Elrfc-5, S 2 (Df6it/<> K 

<D3fe(*, ^fe?SJ^(c*5L>rmi ©leatbf— ^7PBA^e.» 
«lLfcm2(D«63te—:7PG^=tL. m3ros§5t/<>K 
(Djti*, *fe««fzj3t^-csB2©«jfee— ^7PG*^e)» 
8tLfcm3(D«3te— 9PR$:t-r*, in*>, ^fswro 
m4 0iits<oj^®ic«§ijia9«:j§3tsia-ei*, led^^ 

^;:^2Ax&T:*l=ai»**ifc«fe* (Si a)S6jt/<> K 
OTit) ®-Si5(*te«<D^3tt*:5^-v:^1 2lCj:-p-C«:g* 

a**tm2&t;m3fl)*3t/<>K<©3ti='S*. ;ifl>m 

1. S2RI^S3<Df63t/<>K©jtl*. <tt®l=tt±.lf& 

tifcm 2 Etsan* 3 3 <oags?<Da®i;fcL^r±^icKS* 

Bl/LEDT-:/Z^2CDP«9S|5^Sja-r^o -eUr, 
jKS^«*;h-f=Jt (m2&i;m3OS63t/<>K<0jt) i: 
«fi*»$*nEfA^ofc«y<0«feJt (SB 1 «>«Jt/<> K 

l-ttJilf t.4tf=m2ie«»«:3 3C0SSSPC0S^I=fcU^-C 
I*. «SIEgl**l'SA>-3fc«y©«fejt («1<Dfl3t/< 
>Kfl)3t) tSttSix. HU^L ED^-y::^ 2<OrtS|5^S 
iSL, (m2&i;m3 0«5t/N*>K© 



i::»8tLfc«ite— j?pb, pq. PR**-r-smi- 

m3«>«6jt/<>K*xC,/j:^;:t^^7 h^KD'jt^Hjfr*. 
[0075] *fE?Sa)ll 5 <0|IJfia>»$Sllc«i,ils3l«:i6 
Jfe^SI*. *«6e^a)m4<0|liSa)JI$SI(c^i,#3|«i;S§3t 

4<OSgljfiroJK!!glc^S#i»«:SE3tgai:l^i:-Cfc-5o S 
tta)«jt{*5^«y:^i 2=fe*siMa>m4<o3IJ£<Djgi®i:fi6 

[0 0 7 6] 'Sfc. *«|gfl<DS5a)||tS«>J^9IIC^§iti 

ai=itLr, /hsi=ui*-sfc«>, m4a)S8ifi©jK8B(Dj: 

tt^jl^li-ric. «Jt«:8l=Jt»a*t$l£ltjl^L-Ct, 

[0 0 7 7] {me<j>mm.<r>f^m) ■i^n^<j>mQa>^m 

#3l«:|B3t*^i: L-C©LED^-y:?2i:, LED?^-:; 

:^2A>&ailtLfc« 1 <D«itA:^ K<oate-cBije**i«c 

<!:(cj:y. m2&0:|g3(D«3t/<>K«)3t$SgJfri)it 
L<(±:^Q-V>ttl=J«JK**tfc^3ttt:5''v:^1 2IC#* 

:^2 A> e,B8St **ii.3tfc*f L-citSiait^ ^-r-SM n ft 

-f^ 2 filj^tfl 0/lm~1 OOi/mea*<» 

*Liv it'jtl^$.=f■v^^ 2©sii®-t^ii^ 01 2ic^-r 
J: -5 1::. L E Z>"2a)2ps-+ai:l^— «L < It. * 

[ O O 7 8 ] m 6 (0^1&a}i^ll(=«gl>¥9l4:f§aKiSB 
$6Sitt»«1 8^ffll^r«lfi^**l■C^^^o *6Ji1±» 
£1 8<7}-:^a>£S(n^llC,^8S;!)^^. $&ll1±StS1 8(0^ 

ai/m 2 EII3H*3 4. 3 3i^^^Jfie$ttTl^-5, 
[0 0 7 9] 01 2(z5i-rm6roSIJfi©}K®l-^g^i|ia» 

y. l6«SttSffii 8<c-:»(D±ffii=. ca)±ffii=;tt-3-c 

i:tMcs*t:^iS](rM-«iji=si;-i.m 1 ai;m2BB*g3i«:3 

4. 3 3<!:^}^^fieL-CL^*. cwm 2 SOIS1 1 iB*l»t*: 
3 3. 3 4 0!>-?-*f?*l,a)— ^ODSiSSSOJaHlrli. *v— 
K/\'>-:^3 a. T/— K/0:^3 bA<fl^)ie**tru>*, 

*V— K/<>:^3a, Ty— K/N*>:^3 btUTI*. # 

Ba;t?-^u, # (Au) fi (Ag) ffi 

(Cu) /O::^. — "vy^u/^ (Ni— Au) /O^. 

StL^(4^ry^i^/*/-<>i/'^?A (Ni-Au-In) 
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X\t. Its 5 O/imTbSl 0 0/im. 2 5 mTbS 
lOOA/mCDS (Sn) : §& ( P b ) = 6 : 4 (D^S# 
m^ti<Sim'^f&V&i>o AlMt. Sn:Pb = 5:95 
a)*ffl-etfiL^o LED^^:/:>'2(Da®lCj^^$tlfrm 
2CD«« (*V-K«ft) 2a^SlO[)«« (T^-K 

tturi^So m•^^*i'f'^:^y^ 214. LED^»y:^2(D» 
LED^»:;:/2i!:^3ttt:^*:;:^1 2^*aH-r'5Ji^ 

[0080] *a6^a)is 6 <Dmm<Df^Blzm^^^m»^ 

3te^a-ei4. LED5^»v3f2(OM3b>f,±5JlZl±lS^**i 
<tt::fn*v^tt(Dit3fei*5^*>3^l 2(cJ:orK^^SI$ 

ti. m2&t;s3 0fg*/<>Ka)3t(c3a:^o mi(^i^3t 

m^lt. m^0>^ytl:f—<;P&<O^^l^^ 4 20n 
m-4 8 0nm(Z>»fefi«(CfctltfSl^o m2a)ai3te/N* 

>K<;)*(*. «fe««(zfci%Tigia)i8*e— i7PB*^ 

t,^?SILfrm2(7>^5te--j7PG$^L. m3(D^3fe/< 
>K(D3t(*. #fe^i«^Cfcl^TS2(Df^pfee-^PG*^ 

e>^MILfcS3(DSl3fee— 27Pr^:&^*o S2;Ru:m 

LEDiF*:/:^2<Da®*^t>T*lCUi»**if=«fe 

3fe (mi a>^*/<>Ka)3t) (D-mt. tsimzj±±\fp, 
:*(rsst**t. iJ5fei*5^*v::^i 2ic<*:o 

r $ ttm 2 3t l/m 3 <7)^5t/ K(D3t <^ /cC -5 o 

Z(7)m 2 RXSm 3 K(D5fetM(::±:^(^a33t ^ 

itJh»8(0l^gpirfci%-c. iftfigSSlSti'STb^oyia 
yoJKW* (»1 (0«*/<>K<7)3t) i:afe**trttih 

ii*e-<7PB. pg. PR*i^-r4mi-m3(D«3t 
[00 8 1] *^m<om6(D^m(Dmmzgh^^!^mw^ 

3teSS-ef4. LED^-;7^24:i[*i*5^*>:^1 2i:^a 
S-r^ttJhtt:8^:&Lri^'g>(Z)T?. L BDJ-v ^ 2t}^i^ 

*<;1fe**LS« Z(Dtzlf>. #aH*«5tSia<D^ffllrtt 



[0082] LED5^*y::f2i:«tt, ^L<ity 
xn$i^mmLx^^. ^^t^h>i&iL»^m^Rum2m» 

[0 0 8 3] (m 7 (DHjficDj^si) :^%m(Dm7a>mm 
o)mmzmi>^^mti^^^mm\t. si 3fc^-rcfcdic. 

2^sa-r^ffi?*S(ciaj^^tifrttJh(*8. led^*:/ 
:^ 2 b ai« L m 1 coag*/ \- > KcD^fe-cBifi * ti * c 

^hlzj^y. S2&i;S3(D«3t/^>K(Z)3tS«*-r«« 
S*il:»8*«aLrJf^fifc**tfcS5tt**/\*-6|Z#*ti 

fflt^t);h.-Cl^'5o C(D^7fett::^/N*— 614. S>h>f}^CiSb® 
±i*iB{z^m^^t\ 3iL<(4i*ih«:8lza**CD^ja 
[0 0 8 4] JSfC. HI 3\Z7F:'t^^{Z^ «7(D||ffi(D 

j^®fc^^i|i3H*jR§^gaf4. miE«i»i*3 5su:m 

2E«|»{*3 6$WL. SlE||»{*3 5(D-:^(7>5iiSB 
lc(4. **v:>'ffll 6;!><}^ja*+iTl^*o LED^*:/:/2 
(4»«11(7)S i C&Wi±lZ3i^^d^->^rJUgtALXmm 

s i c&m<i3y-mmtLxmmLxi^^o 

C(D L E D^^v 3^2(Z>Tffl5a)* V- Kfii«a)T®(Cl4. 

T i /Au^aSLfc2SaaS. A K I n(D*Ji 
— Ka«(4. :^ Z^'gp 1 6 OJSfiJO* v 3^lSSi5 1 6 a 

f::. m^^^^^Ltzmwi±mmm^L<it^m\z^^)m 
***trt^^o LED^'>:^2(D±®ic(4. mm 
^"^KLtzTy-i^mmtmmtstixiy^o t^-ks 

«<b:Lrf4. N i /A u(DttSaiS. Pd. Ti. P 
t. I nOmm. fc€>l^(4N i /A u*#ir>fcaS8t 

it. -&*r*4,pniBr-*«o 7y-K«a^m2E«»«: 
3 6<S:(4. 7K>7^-f >'2/'7^-\'2 4lCc*:y. Bftfi^JdS 

a$*iri^*o m±»a{t. mi:Rt;m2KS»f*3 

5. 360)— gj. 7K>7^-f ><fr7-r-\'2 4. LED^-v 

[0 0 8 5] fin*>. *f§5«(Dm7(DllJg(7)f^®lC0^-Siti 
»ft«5t^ai::*>l^T(4. L E D5^*:;:^2 A^t>ttSlt^tL 
fc»fe3t (S 1 a)«3t/<> K<D3t) <D-ffllC«fcyai3t«: 

>Ka)3t) t*fe3t (m3(D«l3t/<>K<D3t) tt^^Ht 
^3fe«:*EftfiL3^d:A^o/cSya)«fe5t (M 1 CO^ 
3te/<>K<D3fe) i:m2&i;m3a)^5fe/<>K(D3ti:<DS 
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■r-5. filial*. mi ro«3te— PB<ojKsi*, 4 20 

nm~4 8 0nm<DWfe«iai=&«„ a2<0«3t/<>K 

*fe««icfei^Tm2a)f63tbr-^7PG*^e>» 
tMc»iiiufc«jte->>PB. pg. PR^^-r-smi 

[0 0 8 6] :!|s:%eQa>min£m6a>||t&(D)^l!g 

I*, - K ■ * V- KS«l*-5-*t-?*iStlB-r-5S 1 / 
»2iB«»t*:35. 3 6IC, Ttf^T^i/^^-^-f-VIZ^y 

[0 0 8 7] (-troterosiffioj^fig) ±ieroj:5i-. * 

[0 0 8 8] m?Ll£. *IBBB«)S*«:S*tl=. LalcBB 

[0 0 8 9] *fc. *S6BS<0S1 (OSIJIiOJ^SII-fct^ 

[0 0 9 0] *S64Sa>m 2 TbMIB 5 ©HfficOJK 

t » ic * >v ^65 ^ IS 1 1 jjc t ^ « ifi t -r -5 ct t tb 3fc -5 o 
[009 1] 3^^B^a)i|i^«:S65tS®li. ##tt:fgJtlfe 



Stifci^® ^ atS/j: < «S-r -5 w t A< qrflfi i: & -s . 
[0 0 9 2] crofllic, ^^ijeB^iicc-eiiffiKLTt^* 

[0093] 

-f;u^(7)aijax^>7 h;ui:4,a<-aLfc*iii*:«3tai 

[0 0 9 4] *fc. «}t«:<D»fe3tt 

[0 0 9 5] *SIMI=<fctL«. i*g^FBlfl63<t 

[0 0 9 6] *flMI=J:*i«. fil-frJEcfeiacDjfe^ 

ft y m -r C i: A< pIli/j:4ii»t*:«3tSaA<tiflt-C? * i. . 
[0 0 9 7] *f6MI=J:4i(i. 

[0 0 9 8] *SIMlC<fc*ttf. «ljt*<ffimTv S 

[00 9 9] Siji*<§gt?. ft 

[0 10 0] SI>l-Ji©iiajA<'fe 

m 1 ] :^$l^a>m 1 <DllS&a>}^l|glc^«#«f*:%5l&Sg 
[02] Mnf*SLa7;U5*— hSllitf*(OBlfiX'< 
[®3] Mn#eLaT;U5^— h^^jttt:CD«it;^'< 
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[0 5] Mnf^gLa7jU5*-hSa3tett:a)Mnaittl 

[@9] :^nK(Dm3(Dmm(oi^mi:i^^^m»m^m 
[Bi 1] ^^^a>m5(Dmno>mm\zmi>mm»n9t 

[013] *^W(Dm7a)*lifi<Dfl^J8lc««i|£3»tt:ai3t 

^ao^ic w T^dTBf ® 0 r- fc -5 o 

[014] mi<7)tt*ftfl5lC«**»«:«3tSaa)«^ 
d4B9r®0-Cft«. 

[015] s 2 a)«e*aflfiz« A«aa)«s 
d4e^[S0-ea^€»o 

[016] c ettmy AGmmiftW(Dmmx^<? h;u-e 

[017] Ce#JSYAGj6S3tttt:a)f65feX'<^7 hyu-e 
[018] m 1 Wtt3l5tt«l=««^i»«:3l3tai«<Dfl3t 



[01] 




[02 0] 2iaM*5— jaaa*si«<o*^-7^;u^ 

[02 1] m 1 0«t3tEtt8frc€|^iJi3H*S6jtsni©sfe 
[02 2] m 1 a>«£3t£Stffil=«g-&i^9t«:fS3fcSia(0%5fe 

2 LED5=^-y:^ 
2a *V— K«a 

2b ry— Ka« 

3 a AV— K/O:^ 
3 b Ty—iifi>-:f 
6 ^3t«:*/<- 

8 it±i*i 

10.11 iijfett:#Wa-T^><^SP« 

12 S3t{*^<y:^ 

13 mi isaan 

1 4 &mm 

1 5 lfl2»«Sl| 

16 ijyZfSi 
16a * T^JSSlt 

1 7. 1 8 l&l«1tS«C 

19 3-7^<>^rffl*t 

2 0 ^jta-T^^-^-jrfl};^ 

24. 25. 26 ;|^>T=-0^f'7-l'-V 

3 1. 3 4. 3 5 fSTK»W» 
3 2. 3 3. 3 6 mz&»m» 



[02] 
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